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COSTAX-BWR - A Numerica l P r o g r a m for the Axial Dynamics 
of BWR Nuclear Reac tors *) 
1. Purpose 
The computer code COSTAX-BWR, wri t ten in FORTRAN for 
IBM 360, as descr ibed in the p resen t r epor t , is a special izat ion 
for BWR of COSTAX-BOIL, and contains fur ther developments 
and improvemen t s . The r eade r is r e f e r r ed to the COSTAX-BOIL 
repor t / 1 / f o r a genera l descr ip t ion of the nature and s t ruc tu re 
of the code . 
The time dependent neutron diffusion equations in plane geometry 
and two energy groups a re coupled to the dynamic model of the 
typical cooling channel, giving a detailed represen ta t ion of the 
average axial behaviour of a BWR nuclear r e a c t o r . The coupling 
is done pointwise for both the power source that couples the neutron 
fluxes to t he rma l calculations and the the rmal feedback that affects 
the nuclear constants according to fuel t e m p e r a t u r e s , liquid coolant 
t e m p e r a t u r e s and void f r ac t ions . The same constant meshing is e m -
ployed for neutronics and the rmohydrau l i c s . 
The channel represen ta t ion includes the heat t r ansmi s s ion at each 
axial level a c r o s s a cyl indr ical fuel rod, a gap and a cladding, 
and the thermohydraul ics of the two-phase flow cooling channel . 
The two phase kinematic model employed is essent ia l ly that of 
Zuber / 2 / w h i l e surface heat t r a n s m i s s i o n and subcooled void 
formation a r e t rea ted according to the FRANCESCA model worked 
out by the author / 3 and 4 / . 
*) Manuscript rece ived on April 5> 1972 
COSTAX-BWR is intended for the analysis of those t rans ien ts 
of BWR in which the effects of spat ial power and void var iable 
distr ibution are essen t ia l for the c o r r e c t representa t ion of phe-
nomena. Fo r BWR, this includes both accidental situations and 
severe operational t r ans i en t s , because of the grea t importance 
of the interplay between local react iv i ty , power, and vo ids . 
Although an exhaustive analysis of these spati&l effects in power-
reac to r s would requi re calculations with at leas t two, if not th ree 
spatial dimensions, the most re levant effects a re a l ready apparent 
in the axial d i rec t ion, for the average cooling channel . 
(A two dimensional RZ code with para l le l channel flow d is t r ibu-
tion is being developed ar CCR-Ispra and is a l ready opera t ive . ) 
The t r ea tment of each problem requ i re s the careful de terminat ion 
of the initial steady state condition in which neutron flux axial 
shape, power profi le , and void and t empera tu re dis tr ibut ion a re 
all consis tent , taking feedback into account, in a p rec i se ly c r i t i ca l 
s i tuat ion. This initial condition determinat ion has a p rac t i ca l i n t e r -
es t for its own sake, and the p r o g r a m has been designed to be useful 
also in s tat ionary p r o b l e m s . 
2. The Neutron Diffusion Model 
The neutron diffusion model is prac t ica l ly identical to the a l ready 
mentioned COSTAX-BOIL code. F o r completeness we repea t here 
the main features of the model . 
The two coupled differential equations corresponding to the two 
energy groups a re r ep resen ted in a finite difference approximation 
with constant meshes and backwards time d i f ferences . The delayed 
neutron groups a re considered as sources in each time s tep , and 
the sys tem of coupled l inear equations is solved by a d i rec t method 
of forward e l imina t ion and backwards substitution operating with 
2 x 2 m a t r i x e s . The delayed neutron p r e c u r s o r s ' concentrat ion 
evolution is calculated explicitly at each point and time s t ep . 
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3 . The Coolant Channel 
Some modifications have been introduced in the channel model 
with respec t to the previous FRANCESCA mode l . The fuel rod 
is cyl indr ica l , and is subdivided into concentr ic shells of equal 
volume (up to 10) for finite difference represen ta t ion of heat con­
duction equations; a gap between fuel and cladding is r ep resen ted 
as a fixed the rmal r e s i s t a n c e , and the cladding is subdivided into 
two nodes cons idered to be represen ta t ive of inner and outer 
surface t e m p e r a t u r e . The resul t ing finite difference equat ions, 
with backwards differences in t ime , give for each axial level 
a t r idiagonal sys tem of l inear equations which is t rans formed 
by in-out el imination into a l inear re la t ion Τ = a 0 + b con-
sur 
ne c ting the external t empera tu re of the cladd-ing to the heat flux to­
wards the coolant . The inner cladding and fuel t e m p e r a t u r e s a r e 
obtained by backwards re sub stitution when the surface t empe ra tu r e 
is known. The coefficients of l inear t e r m s of the t rans formed 
sys tem a re permanent ly de termined if the the rma l p roper t i e s of 
the fuel a re constant; they mus t be reevaluated according to the 
la tes t value available for fuel t e m p e r a t u r e s when the p rope r t i e s 
a r e t empera tu re dependent . The known t e r m s of the equat ions 
mus t in any case be calculated at each s tep , since they depend on 
t empe ra tu r e s at the beginning of the t ime s t e p . This section of the 
model cor responds to the select ion of one of the options of the 
previous p r o g r a m . 
The two-phase flow model of the coolant channel has been extended 
from the previous FRANCESCA model to include the following: 
a) General p r e s s u r e var ia t ion with t ime is cons idered: the water 
cons tants , dependent on p r e s s u r e , a re automatical ly recompu­
ted by the code at each time step when neces sa ry by simple 
fittings (validity range 30 to 100 b a r ) . The water p roper t i e s 
a re always considered at sa tura t ion value independently of space, 
based on genera l p r e s s u r e level . Thé implications of such 
assumptions have been d i scussed in the previously mentioned 
r e p o r t s , and the approximation is acceptable for BWR reac to r s 
as long as we do not consider blow down accidents with p r e s s u r e 
wave propagation effects . 
b) The two­phase flow model has been extended to include average 
local vapour drift , according to Zube r ' s theory / 2 / b e s i d e s 
the effect of concentrat ion dis t r ibut ion, as considered by 
Bankoff's mode l . The effect of this drift is negligible in normal 
flow conditions in forced circulat ion s y s t e m s , but may become 
relevant in low flow conditions as for instance in loss of coolant 
flow t r a n s i e n t s . Zuber ' s re la t ion may be exp re s sed , in t e r m s 
of the void fraction a, the total volume flow ra te w and the 
vapour volume flow rate q a s : 
v 
q = α( ~ + VA ..) 
v k drift 
where k is Bankoff's p a r a m e t e r and V , .„ is the weighted 
^ drift B 
section average drift velocity which may be exp res sed , in bubbly 
flow condition, according to Zuber , as 
v = c ( σ - ί1ζ ΐ ) ) 1 / 4 
drift K ρ λ ' 
Adding to this express ion the effect of the heated sur face ' s vapour 
source , according to the formulation given in the previous FRANCESCA 
model.' 
ζ Ψ_ 
/ W — Ν e S 
q.. = a ( - r + v, ,,,) -V v k drift k 
or ,solving for α 
k q v Z e *S 
^ d 7 f t + ^ d T i f t 
Apart from these modifications the genera l s t ruc tu re of the p r o g r a m 
is unchanged: we shall therefore descr ibe in some detail only the 
two-phase flow mode l . 
4 . The Two-Phase Flow Model 
We shall give here the equations of the model as obtained direct ly 
in the finite difference formulat ion. 
Let us consider a segment of channel of height Δ Ζ during the time 
interval At; we shall admit that the liquid and vapour flowing out 
of the segment a r e represen ta t ive of the whole space and t ime 
in te rva l . (This cor responds physically to an infinite turbulent 
mixing in the in terva l , and f rom an analyt ical point of view to 
backwards difference scheme in space and t ime for the corresponding 
differential equat ions) . With this assumpt ion, and indicating by a 
s ta r the quanti t ies at the beginning of the t ime in te rva l , the conti­
nuity equations read as follows: 
a) Vapour Continuity Equation 
ΔΖ ρ α + Δι ρ q = Ζρ"α"+Δΐρ q + ΔΖ Δι φ 
m i e t m i e t 
where ψ is the vapour volumetr ic s o u r c e . 
Taking into account the "kinemat ic constitutive equation" : 
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Ζ ψ . e o 
ν 
w + kV" + d r i f t w + k V d r i f t 
i t m a y b e w r i t t e n a s : 
w+kV d r i f t 
V ­ , Δ Ζ w + k V , . , + k — d r i f t Δ t 
„ Δ Ζ Ρ ν " * Δ Ζ Z e Ψ S 
% +Ψ ζ + ΔΤ Τ" α " "^ Τ" w+kv, ­
i n l e t ν d r i f t 
b) T o t a l M a s s C o n t i n u i t y E q u a t i o n 
Δ Ζ Ρ ν α + Ρ £ ( 1 _ α ) _ Ρ ν α ~PJ¿ ( 1 ■α")] i n l e t m l e t = 0 
t a k i n g p . = ρ s i n c e t h e l i q u i d d e n s i t y v a r i a t i o n w i t h p r e s s u r e i s n e g l i ­
g i b l e , r e m e m b e r i n g t h a t w = q + q , a n d m a k i n g u s e of t h e v a p o u r 
ν * 
c o n t i n u i t y e q u a t i o n , t h i s g i v e s : 
ΔΖ , p ν , w = w , + Δ Ζ ( ΐ - γ ) ψ - —— (1 ) 
i n l e t v ' à t κ ρ ' ν 
c) E n e r g y C o n t i n u i t y E q u a t i o n 
In t e r m s of e n t h a l p y , t h e e n e r g y c o n t i n u i t y e q u a t i o n g i v e s t h e t o t a l 
e n t h a l p y c h a n g e i n t h e s e g m e n t d u r i n g t h e t i m e i n t e r v a l a s e q u a l t o 
t h e h e a t a d d e d , p l u s t h e p r e s s u r e v a r i a t i o n t e r m V û p , m i n u s t h e n e t 
e n t h a l p y f low o u t of t h e s e g m e n t . 
R e f e r r e d t o t h e u n i t c r o s s s e c t i o n t h i s g i v e s : 
A z [ H v P v a t H £ p £ ( l - a ) - H ; p V - H ¡ P j l ( l - a A ) ] 
ς Δ ί Δ Ζ + ΔΓ.ΔΖ-Δΐ p H „ o „ + p H q - p „ H q „ - p q Η Il 1*1 ν v d v μ £ Ι. η *1. . μ ν 4 ν . Ί ν. , miet miet miet inletg 
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taking into account the other continuity equations, this gives for the 
liquid enthalpy the following equation: 
(Q+T^) Ar + q„ Η. , -ν Η ΔΖψ 
x At r Ηλ. , m i e t τ ν ψ 
Η = ί£±££ + 
Λ 
Ρ 5! "ν»;»ΐ;Γ·"*Ε ( ι-" ■■■■ 
_ν 
This equation is useful when H<H ; if the liquid enthalpy reaches 
s at 
saturation; assuming thermodynamic equilibrium, the energy equation 
allows to calculate the vapour source Ψ as follows: 
Ψ = γλΔΖ 
, Λ ΔΡχ ΔΖ ΔΖ , , * w * 
Δτ ρ Δι s a t 
Ζ ρ 'ν ··, * 1 ­ γ ­ Μ Η ­ Η ) ­ q . (Η - Η. , ) t Ρ„ ν ν ^1. sat miet ν miet J 
These are the continuity equations used; the momentum equation is 
disconnected from the others in our assumptions, as has been explained 
in the previous reports. It is employed only to evaluate the pressure 
drops in the channel. 
The other equations of the model are essentially unchanged, and are 
given for completeness. 
In the subcooled boiling region, the vapour source, not specified by the 
energy equation because there is no thermodynamic equilibrium, is 
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given by the fol lowing r e l a t i o n s : ψ = ψ + ψ , the s o u r c e is g iven by 
a s u r f a c e t e r m , a t the h e a t e d w a l l , and a b u l k t e r m , which i s n e g a t i v e 
and c o r r e s p o n d s co r e c o n d e n s a t i o n φ = R α ( Τ ­ Τ ) . The r e c o n d e n ­
s s a t 
s a t i o n c o n s t a n t R i s f r e e , and m a y be t a k e n a s z e r o , when m o r e 
p r e c i s e i n f o r m a t i o n is not a v a i l a b l e , fol lowing the s u g g e s t i o n of B o w r i n g , 
who showed tha t r e c o n d e n s a t i o n is often neg l i g ib l e in p r a c t i c a l c o n d i t i o n s . 
ρ *b The s u r f a c e t e r m , a l w a y s fol lowing B o w r i n g , is g iven by ψ = τ r­ , 
w h e r e ρ / Α is the r a t i o of the h e a t e d p e r i m e t e r to the c r o s s s e c t i o n a r e a 
of the c h a n n e l , 4 i s the h e a t flux c a u s e d by the bo i l ing h e a t t r a n s f e r , 
γρ = ρ and λ i s the l a t e n t h e a t of v a p o r i z a t i o n , τ i s an e m p i r i c a l 
p a r a m e t e r e x p r e s s i n g the f r a c t i o n of the h e a t t h a t goes in to p r o d u c t i o n 
of b u b b l e s ; a c c o r d i n g to B o w r i n g , i t i s a c o n s t a n t in the r a n g e of p r e s ­
s u r e s of i n t e r e s t and is t a k e n by the code a s 0 . 4 3 5 . 
The bo i l ing h e a t flux is g iven , i n v e r t i n g L o t t e s c o r r e l a t i o n a s 
φ = h ' ΔΤΠ with η = 4 and h ' = 2 . 5 4 I O " 4 e ° ' ° P w a t t / c m 2 " C " 4 b s u r 
(the p r e s s u r e ρ is in k g / c m ) . 
The condi t ion for i n c e p t i o n of n u c l e a t e bo i l ing is g iven a s 
2 
ΔΤ > θ (Τ ­ Τ) which g ives for the c r i t i c a l s u r f a c e o v e r h e a t i n g 
s u r 
„ = | ( l + / 1 + 4 ÏZÇI ) 
The c o n v e c t i v e h e a t t r a n s f e r is g iven by the c l a s s i c a l r e l a t i o n 
Φ = h ( T ­ T) with ­îîE. = 0 . 0 2 3 R e y n o l d s 0 , 8 P r a n d t l ° · 4 
c s u r k 
In the l o c a l bo i l ing r e g i o n , the c o n v e c t i v e h e a t t r a n s f e r is l i n e a r l y 
c *· ' ' c 
ve loped n u c l e a t e bo i l ing o c c u r s . Mak ing u s e of the F o s t e r and Gr i e f 
r e d u c e d f r o m the va lue h ( T ­ T . ) ­ h ' ΔΤ to z e r o when fully d e ­
p r e s c r i p t i o n , the r e l a t i o n r e a d s : 
Τ - Τ 
φ = ( h ( T ­ T ) ­ h ' A T n ) ( 1­ ­ | r ^ ) = ­ 0 for Τ > Τ 
c c c tf­ö s e 
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The p a r a m e t e r θ occurr ing in these express ions r ep re sen t s the over ­
heating of the surface at the inception of nucleate boiling when the 
liquid is sa tura ted and given by θ = ( ) 
nh' 
Λ ι · 1 Λ . . , « , „ 1 / η , h Ν1/η-1 Accordingly θ is given by θ = 1.4 (ΓΤ) f f h 
The re la t ions given above in conjuction with the l inear re la t ion 
Τ = a φ + b resul t ing from heat conduction in the fuel rod (see 
sur 
page 3) , a re used for the determinat ion of both Τ and φ (and φ , 
sur s 
Φ, , Ψ ) . In the case of boiling heat t r ansmis s ion this leads to a fourth b s 
o rde r equation which is solved numer ica l ly by a success ive halving 
method. 
Most of the empi r i ca l p a r a m e t e r s mentioned a r e defined in the subroutine 
COEFP of the code, and may easi ly be modified according to the u s e r ' s 
bes t knowledge. In addition to those a l ready mentioned, we quote the 
following: 
Bankoff's k = 0. 815 + 0.185 p / p 
c r i t ic ai 
This express ion is somewhat different from the original Bankoff's 
co r re la t ion and has been found by the author to give acceptable r e su l t s 
in p rac t i ca l cases in conjuction with the express ion for local drift 
The fittings for the water p rope r t i e s a r e al l found in the subroutine 
WATER, except for liquid water density which is given in the function 
ROFUN. They have been fitted by rule of thumb methods on tab les , and 
a r e valid in the range 30 to 100 b a r . 
The cor re la t ions for p r e s s u r e drops evaluation a r e r a the r s tandard 
in p rac t i ca l ca lcula t ions , we shall only mention here the two-phase 
flow mul t ip l ier for local r e s t r i c t i on p r e s s u r e d rops , which is given 
in function TFLM as 




The output of the p r o g r a m is largely self explanatory . 
The input data a re f i r s t pr inted, then the delayed neutron groups ' 
composition is shown. 
A summary of the coolant channel cha rac t e r i s t i c s follows with the 
resu l t s of the the rmal calculation corresponding to a flat dis t r ibut ion 
of power; the p r e s s u r e drop appears as ze ro , since the calculation 
is not yet per formed at this s t age . 
Then the f i r s t f lux-map is pr inted, which cor responds to the f i r s t ini-
t ial ization s tep, performed with the feedback corresponding to the 
flat t he rma l calculat ion. The power column is normal ized to the 
average value of the power and the average is given in watt per cm of 
height of one single average channel . The averages appearing in the 
DK columns a re weighted on the square of power, for ea s i e s t compa-
r ison with point m o d e l s . 
•Mien the cr i t ica l i ty s ea rch resu l t s a r e printed; a complete map of the 
neutronic and the rmal r e su l t s for the equ i l ib r ium state is given. Then 
the output of the dynamic calculation follows: the p r in t ing pa t te rn is 
freely chosen by the u se r from three poss ib i l i t i es : complete maps of 
va lues , average on regions and global v a l u e s . In the pr in t of region 
values FLM1 indicates average fast flux in the region, FLM2 average 
the rmal flux and AVPO average power in regions re la t ive to mean power . 
By PINT is indicated the total integrated power in Jou le . The map of 
channel resu l t s gives for each axial mesh the following i t ems : P o w e r / c m 
POW, Heat flux F I , vapour quality Q, void fract ion. V F , t empera tu re 
of the cladding surface TSUR, i n n e r t empera tu re of the cladding TICL, 
average t empera tu re of the fuel AVTF, maximum (central point) t e m p e r -
ature of the fuel TMAXF and liquid coolant t empera tu re TL . If a r i s e r 
is p resen t , the void fraction in it is given. 
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6. Input F o r m 
May problems can be executed in one run . Fo r every problem the f i r s t 
input card is a t i t le , in which any a lphamer ica l information may appear 
in columns from 7 to 70 included. This title will appear in the output; 
a 1 in column 6 means that the problem is the las t of the run . 
A vector of 3500 memory posit ions DATA (1) to DATA (3500) contains 
all the data in floating point form (Internal conversion is per formed 
by the code when needed) . Since ent i re groups of memory posit ions a r e 
ze ro , it is possible to read different se ts of significant data; each set 
mus t be preceeded by a card containing the in tegers Ki , Ki defining 
the f i r s t and las t datum of the s e t . Ki and Ki a re given in integer form 
adjusted to the right at columns 12 and 24. The las t set of a p rob lem is 
indicated by - 1 in columns 1 and 2 . The data of each set a re all in 
floating form (FORTRAN FORMAT E 12 .8 ) . Any number of problems 
may be run in sequence and only the data changing from the preceding 
problem need to be given. A title card mus t be p re sen t for each p r o -
b l e m . The key to the input is given in appendix A. 
7. Computer Specifications and Fina l Remarks 
The p r o g r a m has been wri t ten in FORTRAN and compiled on IBM 360/65 
in FORTRAN-Hby the O . S . 360 level 20.1 (MAY 71). The total p r o g r a m 
length resul ted in 213A8 (exadecimal) b y t e s . Not very much can be said 
about execution t i m e s , as these depend on many factors . A medium 
sized p rob lem, requir ing a thousand t ime steps after init ial ization may 
take 2 o r 3 minute s . 
The u s e r of the code is r e f e r r ed to the previous COSTAX BOIL r epo r t 
(EUR 4497 R e f . l ) , where direct ions and suggestions for the p rac t ica l 
use of the code a r e given, which apply unchanged to the p re sen t p r o -
g r a m . 
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A P P E N D I X A 
I n p u t K e y 






















A t for transient calculation 
A Ζ mesh width 
Number of mesh points 
Number of regions 
Number of delayed neutron groups 
Number of steps for initialization 
Put always 1 
Search indicator 
­ 1 Search for Í Keff 
0 Poison search 
1 Control rods inserted from top (entry 
of the coolant) 









1/15 of minimum expected 
period generally gives good 
results. 
up to 100 (including extra­
polated boundaries) 
up to 12 
up to 10 





















Area of the core cross section 
Transversal Buckling 
Δ t for initialization 
Steady state power of the reactor 
Number of channels in the core. The power given 
to the average channel will be PØVER/ICAN 
Thermal calculation will be made every KPC 
neutronic time steps 
Doppler feedback indicator 
0 ¿K­b(ea ^ - ^ î 1) (DATA(l9)x*) 
D ^ ' e 
-1 &K=a(T-T )+b(T-T ) 2 
+1 Í KpsaiVT-tfF ) 












This value is employed to 
normalize the neutronic 
fluxes to the given total 
power for the whole reactor 
­4 10 is suggested 
Put 0 if no channel calcula­
tion is wanted 
Omit if no channel is 
represented 














11 , 12 
DESCRIPTION 
Reference temperature for liquid coolant 
temperature feedback 
0 Feedback as i k 
1 Feedback affecting all constants 
Coefficient in void dependent Doppler feedback 
(see DATA (15)) 
β . Delayed neutrons precursors yield per fission 
X . Delayed neutron precursors decay constants 






The first value must b 





























D Fast group diffusion coefficient 
Σ Fast absorption cross section 
Σ Slowing down cross section from fast to 
thermal 
f.| Fast neutron production cross section 
Fast group neutron velocity 
Ε. Σ„ Fission energy production cross section 
1 for group 1 
D Thermal group diffusion coefficient 
a2 Thermal group absorption cross section 
f2 Thermal neutron production cross section 
Thermal group neutron velocity 
E2 ^ f Fi­ssion energy production cross section ­


















Same constants for second region 




Only for ICAN > 0 
Omit if no coolant channel is 
present-Neutronic calculation 
will be executed without feedback 



















If 0 the feedback coefficients are equal in all 
the regions. If 1 they are given regiojiwise 
a in Doppler feedback formula (omit if ICQEF = 1) 
b in Doppler feedback formula (omit if .ICQEF = 1) 
a in void feedback formula S k =a<* + b«* 
omit if IC0EF=1 
omit if DATA400=1 (tabulated void feedback) 
b in void feedback formula 
same as above 
a in liquid coolant temperature feedback 
Sk = a(T-TREF) + b(T-TREF)2 
b in coolant feedback formula 
Same for 2nd region 
etc... 
Void feedback indicator 
0 quadratic formula 
1 tabulated reactivity 
-1 
-2 
see Data (15) 
Units dependent on Formula-
Temperature in Kelvin or °C 
May be omitted, if the void 
feedback is given as-a table 
(see DATA (1000)) 
Only if DATA (300) >0 
B 




Mesh number of the beginning of the core 
Mesh number of the end of the core 
UNIT REMARKS 
First node of the active 
channel, if channel is 
present. If omitted, the 
code will take 1 
If omitted, the code will 
take IMAX 
* 
























DESCRIPTION ] UNIT 
Number of radial meshes in the fuel for thermal 
conduction 
Fuel thermal properties indicator 
0 = constant properties 
1 = properties temperature dependent 
Dummy 
( 0 inlet mass flow rate calculated during transient 
( 1 inlet mass flow rate given in input " " 
0 external driving pressure by pump characteristics 
1 driving pressure given in input 
Dummy 
Pressure ^ 






0 = no perturbation 
1 = step at time 0 
f(o)+ = f(o) (1+C2) 
' 2 = Polynomial function of time 
3 = Sinusoid 
f(t)=f(o)(l+C2 sin C3t) 
4 = time table (50 points max.) 
-
REMARKS 
Only if IVIN = 0 





NAME DESCRIPTION UNIT REMARKS 
IP1 
KKC(I) 
Full channel map editing every IP1. printing steps i 
; 
Mesh numbers in which a local flow resistance 
exists (12 points maximum) { 
σι 
Channel data (floating) 


























Pressure in steady state condition 
Hydraulic diameter 
Fraction of power directly added to coolant 
(<" rays and neutron moderation) 
Gravity cosinus (+1 for upwards flow) 
Relaxation parameter for void profile in diabatic 
flow 
Printing time step for channel (restricted point) 
Coolant cross section area 
Fuel pellet diameter 
Thickness of the gap 











if omitted, the code will 
take + 1 
Omit lacking information ÍS 

























Fuel thermal conductivity (reference temp, value 
if variable) 
Gap thermal resistance 
Cladding density 
Cladding specific heat 
Cladding thermal conductivity 
Total inertia of the channel (if omitted the code 
will take the total lenghtfr(ZC0RE+ZIN+ZRIS1+ZRlS2) 
Inlet enthalpy of coolant 
Total mass flow in the reactor in steady state 
(will be divided by ICAN to get the single 
channel mass flow) 
. . . ™ . · ík AîFFK G2, ν Active channel friction coefficient(ûp=2 τ:,­1 /£ ) 
Recondensation constant for subcooled zone 














Needed only if IVIΝ = 
Omit if exit quality 
imposed 































Imposed exit quality for the steady state 
Imposed pressure drop for the steady state (the 






Inlet pipe height 
1 Λ Ρ 
Inlet friction coefficient Å p=CFFI - \ . v 
Riser 1 height (if omitted, no riser) 
Riser 1 flow area 











i if omitted, it will be 
calculated by the code 
according to the given 
power and mass flow 
If omitted, it will be 





































Riser 2 height (if omitted, no riser 2) 
Riser 2 flow area 




To ) — 2— ( in formula K = k0/_ 1+a(T-To)+b(T-To)^/ 
, ( for fuel variable heat conductivity 
To ) 













- - . _ 
I REMARKS 
i— - - — ---
; 
Only if IVAR = 1 
If To is omitted 
the corresponding 










Coefficients for external driving pressure 
DPEX = Λρ + aAv + bAv 2 
Δ ν is the inlet velocity variation from 
steady state conditions (cm/sec) and pressure 
is given in dyne/cm 
UNIT REMARKS 
Only if IVIN = 0 
and IEX = 0 
Perturbation coefficients 
Only if the corresponding options are checked (indicators = 1,2, or 3' 
DATA N° NAME DESCRIPTION 




575 to 586 





Mass flow coefficients 
Inlet enthalpy coefficients 
External driving pressure coefficients 
CKFF(l) 1 2 Local friction coefficients Δ ρ =CKFF ­ G Λ> loc 2 c corresponding to the selected meshes 
(see KKC = DATA 463 ff) 
¡Dummy 
UNIT REMARKS 
The first coefficient 
of each group represents 
the nominal value for 
time 0 (if different 
from zero the code will 
replace this value 
to the value given before, 
if zero the preceeding 
value will be kept). The 
5 following coefficients 
are interpreted according 
to the option checked 
Csee DATA 458,459,460,461) 
ω 
Perturbation time Tables 
Only when the corresponding options are checked (indicators = 4) 
DATA N° NAME 
HTAB 
601 to 650 
651 to 700 
701-8ÓO QTAB 
i 
8 0 1 - 9 0 0 PTAB 




values relative to nominal 
Mass flow (same) 
Pressure 
External driving pressure 
UNIT REMARKS 
sec Each time table is built as 
50 values of time (the first 
must be 0) followed by 50 
values for the variable 
(relative values to the 
nominal shall be given). 
Any number of values may be 
given, the variable will be 
kept constant at the latest 
value after the last time 
given. 
ω ω 
Void feedback coefficients 
Çk feedback ICOEF = 0 







Give 20 values of b k corresponding 
to <* = 0.05, 0.1, 1.0 
Same for 2nd region if 


























in formula D1 = Dl(l+ar<. + b oc ' 
in same formula for ¿L sd 
in formula for >» 
in formula for D. 
Σ f1 
in formula for Σ. 























in formula for fast absorption cross 
«^  ι section «3 > Σ*< -2. f · ^ ^ - ^ ) + ^ (V^ 
+ *5 * (Tf .-r^j 
> Dummy 
Idem 2 region if DATA (300) = 1 
to en 


















Maximum number of trials for search 
Convergence criterium for search (10~3) 
Reciprocal of period will be less than DAPF 
Second guess of control parameter for search 
(Ja2» cm of rod insertion, orí k) 
Σ P2 corresponding to control rods 
Ratio Σ /Σ for poison P1 P2 
I if poison is present in region I 




50 is suggested 
First guess is zero 
Only if banked rods (lDIR=1,2i 
Not used if IDIR = ­1 
(K search) 
Only when diluted poisons 
search is done (IDIR = 0) 
en 










1 701 to 177S 










0 perturbation is given as absorption cross 
section 
-1 perturbation given as o k 
0 perturbation is diffused 
1 banked rod perturbation from top 
2 banked rod perturbation from bottom 
Ratio 2"p-)/2p2 for absorption perturbation 
Control r o d 2 D 2 (or^k if IDKF = -1) for perturbation F 
Successive times for perturbation insertion 
Time zero insertion for perturbation parameter 
Insertion values for successive times 
FactorsTwhich multiply the value VBAR(t) in each region I r J 
UNIT 
cm- or k k 
sec 
REMARKS 
Only if IDKF = 0 
Only if IDIR =1,2 
The parameter may represent 
depth of insertion (cm) of 
rods, or2p2» or^k, according 
to the options checked. See 
directions and suggestions 
page of the text. 
















th Final time for the n printing pattern 
Time step for the more frequent type of print 
Type of more frequent output 
1. only power, average fluxes and period 
2. complete map of fluxes and delayed neutron 
precursors concentration 
3. same as 1 plus region averages 
4,5 no print 
rime step for the less frequent type of print 
must be multiple of H P and divisor of KTP) 
Same as 11S for less frequent output 
Not used 






n = 0, 1, etc.. 
As many cards as wanted may 
be given, allowing successive 
printing patterns. 
After the last is completed 
the calculation stops and a 
final print is done. Then 
the control is transferred 
to the beginning of the 
programme to start a new 
problem, unless the title 
card contains a positive 
integer in column 1-6, in 





A collection of channel model equations 
40 
Appendix Β 
A collection of channel model equations 
Continuity 
0) w = q^ + q£ 
1} V = Vinlet + ΔΖ (1­^  ψ » f (1­ "S «" 
w+kV, . _, / . n * , . Ζ ψ 
d r i f t / , Δζ Pv Λ Δζ e s 2) ^ = Γ \ V - ♦ + ψΔζ + ΑΪ ΡΤ α - At +vïï 
w + kS . + k 4 | V i n l e t W + k V dri f t 
d r i f t Δι 
Δι *■ χ i n l e t i n l e t ' ν ν ν Δι Pv Δι 
3a) Η = 
3b) ψ γ λ Δ ζ 
/n,ß>\ ΔΖ ΔΖ / Ί Λ \ /ττ ττ*\ Δζ Ρ ν .'.-/„ „ * \ (Q+-TT-; -rr (1-α ) (Η ,-Η ) - -rr Yñ­ α (Η ­Η ) + Δι ρ At sat Δι 'Pv ν ν 
" ql. . . (Η . ­ Η. _ .) inlet sat miet 
Vapour source correlations 
0a) ψ = ψ + ik 
S D 
la) ψϋ = Ra (Τ - Tsat) 
2) φ - χ ! &L· 
41 
Heat flux correla t ions 
0) 
ι) 








0„ + K 
C D 
h (Τ - T) for Τ < ΔΤ + Τ . sur sur c sat 
h (Τ - Τ) - h' ΔΤ c c 
ΔΤ - ΔΤ 
(1 ~ —S . ) ^ ο for Τ > ΔΤ + Τ , 
ν θ„ - θ ' sur c sat 
0 for Τ < ΔΤ + Τ 
sur c sat 
h' ΔΤ for Τ -» ΔΤ + Τ 
sur sur c sat 
3) ΔΤ = 1 + /l + k 
Τ - Τ sur 






Sample Problem Output 
;0 S Ί Α Ν Ζ A AX IAL -BOIL ING CHANNEL 
T. C R . EURATOM ISPRA 









8 7 93 
99 
105 




















































.500 00 0E 
. 70O000E 
.1800OOE 




. i 000OOE 


























































































1 6 0 0 0 0 E 
ÌOOOOOE 
5 0 0 0 0 0 E 
ï 4 2 0 0 0 E ­
305000E­
4 0 0 0 0 0 E 
6000OOE­
1 2 0 0 0 0 E ­
140000E­












1250 0 0 E 
1250OOE 
1 7 0 0 0 0 E 
0 
5 0 0 0 0 0 E 
500O0DE 
9 8 0 0 0 0 E 
1 0 0 0 0 0 E ­
2 0 0 0 0 0 E 
0 ν 










































3 0 3 
452 
4 58 



































2 7 0 0 0 0 E 
4 5 0 0 0 0 E 
1 ! ) 0 0 0 0 E 
Ivyn 0 0 E ­
111Õ00E 
9 0 0 0 0 0 E 
743999E­
0 
3 6 0 0 0 0 E ­
8 5 0 0 0 0 E ■ 
3 6 0 0 0 0 E ­
8 5 0 0 0 0 E ■ 
3 6 0 0 0 0 E ­
850000E­
3600OOE­









ï 3 0 0 0 0 E ­
2 0 0 0 0 0 E 
1onnonE­











­ 0 1 
­ 0 1 
­01 
­01 
­ 0 1 
­01 
­ 0 1 
01 
01 

























5 1 0 
5 1 6 





























6 (J 0 0 0 0 E 
ï 0 0 0 0 0 E -2 ñ 6 0 0 0 E 
2 5 6 0 0 0 E ­
3 0 1 0 0 0 E 
ï 4 0 0 0 0 E 
0 
4 0 0 0 0 0 E 
6 7 0 0 0 0 E ­
4 0 0 0 0 0 E 
6 7 0 0 0 0 E ­
4 0 0 0 0 0 E 
6 7 0 0 0 0 E ­
4 0 0 0 0 0 E 
6 7 0 0 0 0 E ­
4 0 0 0 0 0 E 
0 
4 0 0 0 0 0 E 




9 0 0 0 0 0 E ­
2 9 0 0 0 0 E 
0 
ì 8 0 0 0 0 E 







































3 0 5 
454 




































2 8 6 0 0 0 E 
7 5 0 0 0 01 ­
113000E 
1 9 0 0 0 0 E 
1 1 0 0 0 0 E 
0 
1 1 0 0 0 0 E 
1 1 0 0 0 0 E ­
1 1 0 0 0 0 E 
1 1 0 0 0 0 E ­
110000E 
1 1 0 0 0 0 E ­
1 1 0 0 0 0 L 
1 1 0 0 0 0 E ­
1 1 0 0 0 0 E 
0 
5 0 0 0 0 0 E ­
0 
4 (.) υ (.) υ <j E 
0 
i 0 0 0 0 0 E 
1 3 0 0 0 0 E 
9 3 0 0 0 01 ­
2 0 0 0 0 0 E 













































5 0 6 
512 





























3 0 0 0 ê 0 E 
5 0 0 0 0 0 E 
0 
27 3000E­
3 0 0 0 0 0 E 














1 0 0 0 0 0 E 
0 
5 0 0 0 0 0 E 






















02 ­02 ­02 ­03 ­03 
BETA LAMBDA 
0.12400Ε­01 0.30500Ε­01 0.111 Ci 0 E 00 O.301OOE 00 0.11300E Ol 0.30000E Ol 
VOID AND DOPPLER FEEDBACK AS DK DK DOPPL,ER = A.(SQRT T­SQR'I 'I DOP ) DK VOID=A.VF+B.VF.VF 
REGION 1 DFAST 0.22000E Ol SR 0.75000E­01 SSÜ 0.74400E­01 NUSF1 0.0 DTHER 0.30000E 00 SA 0.12000E­01 NUSF 0.0 
FEEDFACK COEFFICIENTS COOLANT TEMPERATURE A ­0.50000E­03 Β 0.0 DOPPLER A ­O.lOOOOE­03 Β 0.0 VOID A ­0.50000E­01 Β ­O.IOOOOE 00 
. REGION 2 DFAST 0.22000E Ol SR Ö.50000E­01 SSD 0.36000E­01 NLISF1 0.67000E­02 DTHER 0.43000E 00 SA 0.66000E­01 ■· NUSF 0.35000E­01 
FEEDFACK COEFFICIENTS COOLANT TEMPERATURE A ­0.50000E­03 Β 0.0 *. DOPPLER A ­0.10000E­03 Β 0.0 W VOID A ­0.50000E­01 Β ­O.IOOOOE 00 
REGION 3 DFAST 0.22000E Ol SR 0.50000E­01 SSD 0.36000E­01 NUSF1 0.67000E­02 DTHER 0.43000E 00 SA 0.64000E­01 NUSF 0.85000E­01 
FEEDFACK COEFFICIENTS COOLANT TEMPERATURE A ­0.50000E­03 Β 0.0 DOPPLER A ­0.10000E­03 Β 0.0 VOID A ­0.50000E­01 Β ­O.IOOOOE 00 
REGION 4 DFAST 0.22000E Ol SR 0.50000E­01 SSD 0.36000E­01 NUSF1 0.67000E­02 DTHER 0.43000E 00 SA 0.62000E­01 NUSF 0.85000E­01 
FEEDFACK COEFFICIENTS COOLANT TEMPERATURE A ­0.50000E­03 Β 0.0 DOPPLER A ­0.10000E­03 Β 0.0 VOID A ­0.50000E­01 Β ­O.IOOOOE 00 
REGION 5 DFAST 0.22000E Ol SR 0.50000E­01 SSD 0.36000E­01 NUSF1 0.67000E­02 DTHER 0.43000E 00 SA 0.60000E­01 NUSF 0.85000E­01 
FEEDFACK COEFFICIENTS COOLANT TEMPERATURE A -0.50000E-03 Β 0.0 DOPPLER A -O.IOOOOE-03 Β 0.0 VOID A -0.50000E-01 Β -O.IOOOOE 00 
REGION 6 DFAST 0.22000E Ol SR 0.75000E-01 SSD 0.74400E-01 NUSF1 0.0 DTHER 0.30000E 00 SA 0.10000E-01 NUSF 0.0 
FEEDFACK COEFFICIENTS COOLANT TEMPERATURE A -0.50000E-03 Β 0.0 DOPPLER A -0.10000E-03 Β 0.0 VOID A -0.50000E-01 Β -O.IOOOOE 00 
& 
FUEL RADIUS 0.62500E 00 DENSITY O.IOOOOE 02 
FUEL DATA M-ASS/CM CLAD RADIUS EXT.RADIUS 0.12 2 7 2 E 02 0.62 5 0 0 E O O 0.715 O O E O O 
TEMPERATURE INDEPENDENT CONSTANTS 
CPF KF 
0.350000E 00 0.230000E-01 
CPCL KCL 
O . 2 9 O O O O b O O O . 1 3 O O O O E O O 
STATIC CALCULATION 
CHANNEL DATA HEIGHT 320.0 CM SECTION 1.800 CM2 INLET PIPE HEIGHT 15.0 RISER 1 HEIGHT 20.0 RISER 2 0.0 TOTAL CHANNEL POWER IN FUEL 0.50000E 05 WATT TOTAL CHANNEL POWER IN COOLANT 0.0 WATT 
COOLANT DENSITY 0.739 70 G/CM3 PRESSURE 70.0000 BAR 
IMPOSED EXIT QUALITY 0.09300 
INLET MASS FLOW 0.28913E 03 GR/SEC INLET VELOCITY /VINLET/= 217.15068 CM/SEC EXIT QUALITY /XOUT/= 0.09300 AVERAGE VOID FRACTION /AVF/= 0.33356 POWER FLOW TO COOLANT /TPF/= POWER OUTPUT 0.50000E 05 INLET TEMPERATURE /TINLET/= 
0.50000E 05 WATT 
279.62 
S 
PRESSURE DROP 0.0 INLET 0.0 FRICTION 0.13212 
HEAT TRANSFER CONSTANTS HC 0.18157E 01 ZE 0.0 
BAR CHANNEL GRAVITY 0.33225 0.15843 RISER SPACE ACCEL. 
0 . O 0.04170 
HB 0.23123E-01 Rl 0.0 TETA BANKOFF K 2.70 0.37352 TETAF 4.66 
I POW . F I Q VF ISUR TICL AVTF TMAXF TL 1 0.15625E 03 0.34780E 02-0.15832E-01 0.37301E-01 0.29202E 03 0.31772E 03 0.67235E 03 0.92751E 03 0.28054E 03 2 0.15625E 03 0.34780E 02-0.10105E-01 0.70978E-01 0.29199E 03 0.31768E 03 0/67231E 03 0.92748E 03 0.28147E 03 3 0.15625E 03 0.34780E 02-0.43772E-02 0.10227E 00 0.29199E 03 0.31769E 03 0.67232E 03 0.92748E 03 0.28242E 03 4 0.15625E 03 0.34780E 02 0.13512E-02 0.13201E 00 0.29203E 03 0.31772E 03 0.67235E 03 0.92752E 03 0.28334E 03 5 0.15625E 03 0.34780E 02 0.70793E-02 0.15966E 00 0.29203E 03 0.31772E 03 0. 67-235E .'03 0.92752E 03 0.28428E 03 6 0.15625E 03 0.34780E 02 0.12808E-01 0.18543E 00 0.29203E 03 0.31772E 03 0.67235Et03 0.92752E 03 0.28522E 03 7 0.15625E 03 0.34780E 02 0.18536E-01 0.22083E 00 0.29203E 03 0.31772E'"Ö3 0.67235EN'03 0.92752E 03 0.28580E 03 8 0.15625E 03 0.34780E 02 0.24264E-01 0.26909E 00 0.29203E 03 0.31772E 03 0.67235E 03 0.92752E 03 0.28580E 03 9 0.15625E 03 0.34780E 02 0.29992E-01 0.3111 IE 00 0.29203E 03 0.31772E 03 0.67235E 03 0.92752E 03 0.28580E 03 10 0.15625E 03 0.34780E 02 0.35720E-01 0.34803E 00 0.29203E 03 0.31772E 03 0.67235E 03 0.92752E 03 0.28580E 03 11 0.15625E 03 0.34780E 02.0.41448E-01 0.38072E 00 0.29203E 03 0.31772E 03 0.67235E 03 0.92752E 03 0.28580E 03 12 0.15625E 03 0.34780E 02 0.47176E-01 0.40987E 00 0.29203E 03 0.31772E 03 0.67235E 03 0.92752E 03 0.28580E 03 13 0.15625E 03 0.34780E 02 0.52904E-01 0.43603E 00 0.29203E 03 0.31772E 03 0.67235E 03 0.92752E 03 0.28580E 03 14 0.15625E 03 0.34780E 02 0.58632E-01 0.45962E 00 0.29203E 03 0.31772E 03 0.67235E 03 0.92752E 03 0.28580E 03 15 0.15625E 03 0.34780E 02 0.64360E-01 0.48103E 00 0.29203E 03 0.31772E 03 0.67235E 03 0.92752E 03 0.28580E 03 16 0.15625E 03 0.34780E 02 0.70088E-01 0.50052E 00 0.29203E 03 0.31772E 03 0.67235E 03 0.92752E 03 0.28530E 03 17 0.15625E 03 0.34780E 02 0.75816E-01 0.51835E 00 0.29203E 03 0.31772E 03 0.67235E 03 0.92752E 03 0.28580E 03 18 0.15625E 03 0.34780E 02 0.81544E-01 0.53473E 00 0.29203E 03 0.31772E 03 0.67235E 03 0.92752E 03 0.28580E 03 19 0.15625E 03 0.34780E 02 0.87272E-01 0.54982E 00 0.29203E 03 0.31772E 03 0.67235E 03 0.92752E 03 0.28580E 03 20 0.15625E 03 0.34780E 02 0.93000E-01 0.56377E 00 0.29203E 03 0.31772E 03 0.67235E 03 0.92752Έ 03 0.28580E 03 
RISER1 VF= 0.0 
FUEL TEMPERATURE MAP 1 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
927, 
927, 927, 927, 927, 927, 927, 927, 927, 927, 927, 927, 927, 927 927, 927, 927, 927, 927, 927, 
,51 
.48 ,48 ,52 ,52 ,52 .52 ,52 ,52 ,52 ,52 ,52 ,52 ,52 ,52 ,52 ,52 .52 .52 .52 
774, 
774, 774, 774, 774, 774, 774, 774, 774, 774, 774, 774, 774, 774, 774, 774, 774, 774, 774, 774, 
,60 
,57 ,58 .61 ,61 .61 .61 .61 .61 .61 ,61 ,61 ,61 ,61 ,61 ,61 ,61 ,61 ,61 ,61 
662, 
662, 662, 662, 662, 662, 662, 662, 662, 662, 662, 662, 662, 662, 662, 662, 662, 662, 662, 662, 
.67 
,63 ,64 ,68 ,68 ,68 .68 ,68 .68 .68 ,68 ,68 ,68 ,68 ,68 ,68 ,68 ,68 .68 .68 
552, 
552, 552, 552, 552, 552, 552 552, 552 552, 552, 552, 552, 552, 552, 552, 552, 552, 552 552, 
.97 
.93 .94 ,98 .98 .98 .98 .98 .98 .98 .98 .98 ,98 ,98 .98 .98 ,98 ,98 ,98 ,98 
443, 
443, 443, 443, 443, 443, 443, 443, 443, 443, 443, 443, 443, 443, 443, 443, 443, 443, 443, 443 
,98 
,94 ,95 ,99 ,99 ,99 ,99 ,99 ,99 ,99 ,99 ,99 ,99 ,99 ,99 ,99 ,99 ,99 ,99 ,99 
Ê 
TIME 0.0 IT 0 POWER 0.50000E 09 
1 





























11 12 13 13 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 13 12 
0.39344D 14 
0, 
0, 0, 0, 0, 




























12 13 13 13 13 13 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 13 13 
0.22147D 14 
0 , 
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 0, 0, 0, 0, 0, 0, 0, 0, 0, 0 0, 0, 
POWER 
0 



















,0 .0 ,0 .0 
00 00 00 0 0 
00 00 00 00 01 01 01 01 01 01 01 01 01 01 00 00 
0.15625Ε 03 
0, 
0, 0 0, 0, 0, 0 0, 0 0 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
ROD VALUE DKFBACK 
, 0 
, 0 
, 0 , 0 , 0 
, 0 









,0 ,0 ,0 , 0 
, 0 
,0 , 0 
, 0 ,0 
0.0 




















0.0 0.0 0.0 0.0 
­0.41580Ε­01 
0 
0 0 ­0 ­0 ­0 ­0 ­0 , 
­0 , ­0, ­0 , 
­0, ­0, ­0 , 

























,0 , 0 
,0 ,0 
­0.41007F­0 
TIME 0.0 POWER RATIO O.IOOOOE Ol 
PM2 0.22147D 14 POWER 0.50000E 09 WATT PMI 0.39344D 14 
FLMl 
0.6990E 12 0.1727E 14 0.4902E 14 0.7647E 14 
FLM2 
0.1337E 13 0.9136E 13 0.2577E 14 0.4127E 14 
AVPO 
0.0 0.3322E 00 0.9378E 00 0.1497E 01 
PER 0.49120E-03 PINT 0.0 
0.5953E 14 0.3114E 13 
0.3428E 14 0.6523E 13 









2 2 516 D 14 0.4 O6 2 5 E ­ O; 
S PCR 
­0.62471E­01 
TIME 0.0 IT POWER 0 . 5 O O O O E O 9 
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0. 1 8 
O . 2 1 




























0.370860 14 0.225160 14 
O . O 
O . O 
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O. O 























)0 ) o 
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0.0 O . o o. o 


































O . O 
O . O 
0.0 
O . O 
­O.32036E­01 
O 
Cl C 2 C 4 C 5 C 6 
0.0 o. υ O . O 


































































6 0 9 2 2 0 
59238D 
52298D 



































































































































3 1 7 2 2 0 
356950 
3 8 1 7 9 0 
4001 ID 
4 2 9 1 3 0 
450610 
4 4 2 3 8 0 
4 2 3 2 7 0 
40577D 
40389D 
3 9 2 7 2 0 
346720 




















































2 5 0 8 5 Π 
5 ï 5620 









































































6 1 4 9 4 0 
8554 10 
1 13 370 
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55 ï 7OD 












































POWER 0.50000E 09 WAT1 FLM1 0.9505E 12 0.2168E 14 FLM2 0.2200E 13 0.1228E 14 AVPO 0.0 0.4427E 00 
0.0 POWER RATIO O.IOOOOE 01 
PMI 0.370860 14 PM2 0.225160 14 
0.5770E 14 0.6676E 14 
0.3244E 14 0.3872E 14 
0.1171E Ol 0.1392E 01 
PER 0.24615E 03 PINT 0.0 
0.4450E 14 0.2745E 13 
0.2792E 14 0.7339E 13 
0.9947E 00 0.0 
Vi 
STATIC CALCULATION 
CHANNEL DATA HEIGHT 320.0 CM SECTION INLET PIPE HEIGHT 15.0 RISER 1 HEIGHT 20.0 RISER Í TOTAL CHANNEL POWER IN FUEL TOTAL CHANNEL POWER IN COOLANT 
1.800 CM2 
0.0 50000E ,0 
COOLANT DENSITY 0.73970 G7CM3 PRESSURE 70.0000 BAR 
05 WATT WATT 
IMPOSED EXIT QUALITY 0.09300 
INLET MASS FLOW 0.28913E 03 GR/SEC INLET VELOCITY /VINLET/= 217.15068 CM/SEC EXIT QUALITY /XOUT/= 0.09300 AVERAGE VOID FRACTION /AVF/= 0.28144 
POWER FLOW TO COOLANT /TPF/= 0.50000E 05 WATT. POWER OUTPUT 0.49999E 05 INLET TEMPERATURE /TINLET/= 279.62 
PRESSURE DROP INLET 0, FRICTION 1. 
1.30880 BAR 88287 CHANNEL 0.33426 07953 GRAVITY 0.18752 
HEAT TRANSFER CONSTANTS HC 0.18157E 01 ZE 0.0 
RISER 
SPACE ACCEL. 
HB 0.23123E-01 Rl 0.0 
0.09-167 0.04170 
TETA 2.70 BANKOFF K 0.87352 
TETAF 4.66 
tn 
I POW 1 0.34804E 02 0 2 0.44585E 02 0 3 0.64439E 02 0 4 0.87176E 02 0 
5 0.11483E 03 0 
6 0.14580E 03 0 
7 0.17140E 03 0 
8 0.18782E 03 0 
9 0.19879E 03 0 
10 0.21082E 03 0 
11 0.22367E 03 0 
12 0.22704E 03 0 
13 0.22009E 03 0 
14 0.21078E 03 0 
15 0.20585E 03 0 
16 0.20254E 03 0 
17 0.18800E 03 0 
18 0.15914E 03 0 19 0.12187E 03 0 
FI Q 77471E 01-0.202S5E-01 99244E 01-0.18650E-01 14344E 02­0.16288E­01 02­0.13092E­01 02­0.88828E­0 02­0 02 O O O O o o o o o 
02 02 
19405E 25561E 32453E 3S153E 41807E 44249E 46928E 02 49787E 02 50537E 02 48990E 02 46918E 45822E 45084E 41849E 35424E 27128E 
VF 0.0 0.0 0.0 0.18850E­
0 O O O o 35383E­02 0.75286E­01 O 27448E­02 0.10993E 00 O 
0.43733E­01 












0.14477E 00 O 0.205S7E 00 O 0.27208E 00 O 0.33008E 00 O 0.37921 E 00 O 0.41960E 00 O 0.45299E 00 0.29251E 0.48156E 00 0.29247E 0.50644E 00 0.29244E 0.52714E 00 0.29232E 0.54309E 00 0.29206E 
TSUR TICL 28425E 03 0.28997E 28592E 03 0.29325E , 28903E 03 0.29963E 29102E 03 0.30535E , 29146E 03 0.31034E 29190E 03 0.315S8E 29217E 03 0.32036E 03 O, 03 0. 03 O 03 O 03 O 03 O 03 O 03 O 
, 29232E .29241E .29251E .29261E ■29264E 29258E 
03 03 02 0.89129Ë-01 0.55446E 00 0.29165E 03 O 
32321E 32510E 32718E 32939E 32997E 32878E 32717E 32632E 32575E 32324E 31823E 3U69E 
03 
0 3 0 3 0 3 
0 3 
0 3 03 
AVTF TMAXF TL 36S96E 03 0.42580E 03 0.27998E , 39444E 03 0.46725E 03 0.28045E 44588E 5032 IE 57097E 64678E 
o; 
03 03 03 
0 . 5 5 1 H E 03 0 . 2 8 U 3 E 0.64557E 03 0. 
70938E 03 
03 0.74948E 





03 0 3 03 03 03 03 03 03 03 
77628E O:: .80567E 03 O 83703E ,84526E , 82830E , 80557E ,79353E 78544E O 74994E 03 67942E 03 58830E 03 
03 O 03 O O O O O O O 
03 03 
38488E 03 0.28327E 98929E 03 0.28429E 10562E 04 0.28541 E 11009E 04 0.28580E 11500E 04 0.28580E 12023E 04 0.285S0E 12160E 04 0.28580E 11877E 04 0.28580E 11498E 04 0.28580E U297E 04 0.28580E 11162E 04 0.28580E 10570E 04 0.28580E 93931E 03 0.285S0E 
0 3 03 08 
0 8 03 03 









0.78732E 03 0.28580E 03 
20 0.10556E 03 0.23497E 02 0.92999E­01 0.56377E 00 0.29145E 03 0.30881E 03 0.54839E 03 0.72077Ë 03 0.28580E 03 
RISERI VF = 0.56377 
FUEL TEMPERATURE MAP 1 







































































666, 671, 660, 644, 636, 630, 606, 557, 495, 467 
.37 
.38 .65 ,61 ,24 .39 .42 .98 .40 .60 .15 .80 .14 .53 .26 .70 ,30 .84 .19 .74 
318, 
329, 351, 375, 403, 433, 458, 474, 485, 497, 510, 513, 506, 497, 492, 489, 475, 446, 410, 394, 
,10 
,28 ,70 ,80 ,14 ,70 ,87 ,98 .74 ,54 ,13 .44 ,63 ,50 ,67 .42 .16 .83 .18 .11 
tn 
W 
TIME 0.0 SEC 
POWER 0.50000E 05 PRESSURE 0.70000E 02 
VINLET 217.151 PDROP 1.309 
AVERAGE FUEL TEMPERATURE 671.611 
THF 0.50000E 05 
TINLET 279.617 
AVF 0.28144 XOUT 0.09300 
MAX.FUEL TEMP. MAX.CLAD TEMP. MAX.HEAT FLUX 
1216.027 329.974 50.537 
FIRST BOILING NODE 
OPTIONS 
IN NODE 12 IN NODE 12 IN NODE 12 
DYNAMIC CALCULATION 
VINLET IMPOSED FUNCTION TYPE 0 COEFF. 0.0 0.0 
PRESSURE FUNCTION TYPE 0 COEFF. 0.0 0.0 
INLET ENTHALPY FUNCTION TYPE 4 TIME TABLE TIMES 0.0 5.0000 
VALUES 1.00 0 0 0 0 0.9 8 0 0 0 0 
0 . 0 
ü . 0 
0 . 0 
TIME STEP FOR THERMAL CALCULATION 0.5000E-01 
POISON ABSORPTION PERTURBATION EPI THERMAL TO THERMAL CROSS SECTION RATIO D I STRIBUTED PERTUBATI ON WEIGHTS IN REGIONS 0.0 0.0 0.0 0.0 c 
PERTURBATION TIME TIMES 0.0 0 VALUES 0 . 0 
Τ ABLE 
TO = O.OIO VBAR = 0.0 
TIME 0.2000 POWER RATIO 0.10004E 01 
POWER 0.50019E 09 WATT PM1 0.37100D 14 PM2 0.22524D 14 PER 0.86135E 02 PINT 0.10002E 05 
TIME 0.4000 POWER RATIO 0.10029E 01 
POWER 0.50146E 09 WATT PM1 0.37196D 14 PM2 0.2258 ID 14 PER 0.12903E 02 PINT 0.20014E 05 
TIME 0.500 SEC 
POWER 0.50253E 05 PRESSURE 0.70000E 02 THF 0.50035E 05 AVF 0.28127 XOUT 0.09304 
VINLET 217.151 PDROP 1.308 TINLET 279.149 
AVERAGE FUEL TEMPERATURE 671.634 
MAX.FUEL TEMP. 1216.066 IN NODE 12 
MAX.CLAD TEMP. 329.978 IN NODE 12 
MAX.HEAT FLUX 50.541 IN NODE 12 
FIRST BOILING NODE 4 oí 
TIME 0.6000 POWER RATIO 0.10128E 01 
POWER 0.50642E 09 WATT PM1 0.37566D 14 PM2 0.228010 14 PER 0.42884E 01 PINT 0.30082E 05 
TIME 0.8000 POWER RATIO 0.10353E 01 
POWER 0.51763E 09 WATT PM1 0.3840ID 14 PM2 0.23300D 14 PER 0.23306E 01 PINT 0.40307E 05 
TIME 1.000 SEC 
POWER 0.53243E 05 PRESSURE 0.70000E 02 THF 0.50173E 05 AVF 0.27947 XOUT 0.09294 
VINLET 217.151 PDROP 1.305 TINLET 278.682 
AVERAGE FUEL TEMPERATURE 672.169 
MAX.FUEL TEMP. 1216.956 IN NODE 12 
MAX.CLAD TEMP. 330.084 IN NODE 12 
MAX.HEAT FLUX 50.677 IN NODE 12 
FIRST BOILING NODE 4 
TIME 1.0000 POWER RATIO 0.10711E 01 
POWER 0.53555E 09 WATT PMI 0.39731D 14 PM2 0.24100D 14 PER 0.17300E 01 PINT 0.50825E 05 
TIME 1.00001 IT 100 POWER 0.53555E 09 




0.44242D 0.47573D 0.50712D 0.12092D 0.18702D 0.26021D 0.34488D 0.44727D 0.54793D 0.61750D 0.66217D 0.69465D 0.735080 0.76021D 0.74308D 0.70772D 0.67506D 0.660850 0.63231D 0.55645D 0.44699D 0.31527D 0.14387D 0.13496D 0.12551D 0.0 




0.47967D 0.307500 0.703700 0.66898D 0.10206D 0.142000 0.18832D 0.24757D 0.307460 0.346740 0.37204D 0.39073D 0.41954D 0.440280 0.43087D 0.41068D 0.39212D 0.389490 0.378160 0.33306D 0.26771D 0.19196D 0.22132D 0.103740 0.17370D 0.0 
12 13 13 13 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 13 
0.241000 14 
0, 
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
POWER 
,0 
, 0 ,0 ,22284E ,28547E ,41264E ,55846E ,73621E ,93587E , U022E , 12109E , 12849E , 13636E , 14444E ,14621E ,14123E ,13471E , 13103E , 12848E , 11892E , 10045E ,76792E ,66427E ,0 ,0 , 0 , 0 
00 00 00 00 00 00 01 01 01 01 01 01 01 01 01 01 01 01 00 0 0 
0.16736E 03 
0, 
0, 0, 0, 0, 0, 0, 0, 0, 0, 0 0, 0, 0 0, 0, 0, 0, 0, 0, 0, 0, o. 0, 0 0 0 






















.0 . 0 
0.0 




















0.0 0.0 0.0 0.0 
-0.31930E-01 
0, 
0, 0, 0, 0, 0, -0, -0, -0, -0, -0, -0, -0, -0, -0, -0, -0, -0, -0, -0, "O: -0, -o. 0 0 0 0 
DKVOID 
,0 
,0 , 0 
, 0 

















.0 .0 .0 .0 
-0.31431E-0 
$ 
TIME 1.2000 POWER RATIO 0.11168E 01 
POWER 0.55843E 09 WATT PMI 0.414290 14 PM2 0.25123D 14 PER 0.15945E 01 PINT 0.61754E 05 
TIME 1.4000 POWER RATIO 0.11671E 01 
POWER 0.58357E 09 WATT PM1 0.43294D 14 PM2 0.26249D 14 PER 0.16883E 01 PINT 0.7317QE 05 
TIME 1.500 SEC 
POWER 0.59283E 05 PRESSURE 0.70000E 02 THF 0.50696E 05 AVF 0.27699 XOUT 0.09227 
VINLET 217.151 PDROP 1.305 TINLET 278.215 
AVERAGE FUEL TEMPERATURE 674.350 MAX.FUEL TEMP. 1220.686 IN NODE 12 MAX.CLAD TEMP. 330.528 IN NODE 12 MAX.HEAT FLUX 51.249 IN NODE 12 
FIRST BOILING NODE 4 
TIME 1.6000 POWER RATIO 0.12160E 01 
POWER 0.60801E 09 WATT PM1 0.45107D 14 PM2 0.27344D 14 PER 0.21143E 01 PINT 0.85089E 05 
TIME 1.8000 POWER RATIO 0.12558E 01 
POWER 0.62792E 09 WATT PM1 0.46583D 14 PM2 0.28236D 14 PER 0.32410E 01 PINT 0.97458E 05 
rIME 2.000 SEC 
POWER 0.64183E 05 PRESSURE 0.70000E 02 THF 0.51614E 05 AVF 0.27635 XOUT 0.09199 
VINLET 217.151 PDROP 1.307 TINLET 277.748 
AVERAGE FUEL TEMPERATURE 678.336 MAX.FUEL TEMP. 1227.752 IN NODE 12 MAX.CLAD TEMP. 331.308 IN NODE 12 MAX.HEAT FLUX 52.259 IN NODE 12 
FIRST BOILING NODE 4 
TIME 2.0000 POWER RATIO 0.12863E 01 
POWER 0.64313E 09 WATT PM1 0.47712D 14 PM2 0.28916D 14 PER 0.50260E 01 PINT 0.11Ò18E 06 
TIME 2.00001 IT 
FLUX1 




0.0 0.56384D 12 0.36146D 13 0.82716D 13 
0.64313E 
POWER 




0.0 0.0 0.0 0.0 
DKFBACK 
0.0 0.0 0.0 0.37252E-•02 
DKVOID 










































































































































































rt rt rt rt õ rt 0 
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rt rt 0 
















































O . O 
rt. rt 
- O . 11 
-rt . 2 6 





























0 . 0 
0.0 0 . o o. o 
-0.306-9SE-01 
TIME 2.2000 POWER RATIO 0.12957E 01 
POWER 0.64783E 09^WATT PMI 0.48078D 14 
TIME 2.4000 POWER RATIO 0.13355E 01 
POWER 0.66777E 09 WATT PMI 0.495720 14 
PM2 0.291140 14 
PM2 0.299930 14 
PER 0.15387E 01 
PER 0.55959E 01 
PINT 0.12305E 06 
PINT 0.13616E 06 
tn 
00 
TIME 2 . 5 0 0 SEC 
POWER 0 . 6 7 3 9 7 E 05 
VINLET 217.151 
PRESSURE 0.70000E 0 
PDROP 1.304 
AVERAGE FUEL TEMPERATURE 
MAX.FUEL TEMP. 1236.574 
MAX.CLAD TEMP. 332.154 
MAX.HEAT FLUX 53.355 
FIRST BOILING NODE 4 
683.124 
IN NODE 12 
IN NODE 12 
IN NODE 12 
THF 0.52615E 05 
TINLET 277.280 











































































03 0 0 3 0 
03 0 
0 3 0 
TL 
27775E 
27832E 2791 IE 








































































































































­ 0 1 
rt rt 0 
0 






















































































































n n 0 
("1 
rt 0 














































































































TIME 2.6000 POWER RATIO 0.13749E 01 
POWER 0.68743E 09 WATT PMI 0.51045D 14 PM2 0.30863D 14 PER 0.24195E Ol PINT 0.14970E 06 
TIME 2.8000 POWER RATIO 0.14253E 01 
POWER 0.71264E 09 WATT PMI 0.52925D 14 PM2 0.31984D 14 PER 0.2S586E 01 PINT 0.16370E 06 
TIME 3.000 SEC 
POWER 0.72886E 05 
VINLET 217.151 
PRESSURE 0.70000E 02 THI­ 0.53878E 05 
PDROP 1.310 TINLET 276.813 
AVF 0.27211 
AVERAGE FUEL TEMPERATURE 689.359 
MAX.FUEL TEMP. 1248.154 IN NODE 12 
MAX.CLAD TEMP. 333.195 IN NODE 12 
MAX.HEAT FLUX 54.703 IN NODE " 12 
FIRST BOILING NODE 5 
XOUT 0.09342 
tn 
TIME 3.0000 POWER RATIO 0.14586E 01 
POWER 0.72931E 09 WATT PM1 0.54166D 14 PM2 0.32728D 14 PER 0.16634E 02 PINT 0.17815E 06 
TIME 3.00001 IT 300 POWER 0.72931E 09 
FLUX1 FLUX2 POWER ROD VALUE DKFBACK DKVOID 
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